The use of human brain tissue in neuroscience research is increasing. Recent developments include transplanting neural tissue, growing or maintaining neural tissue in laboratories and using surgically removed tissue for experimentation. Also, it is likely that in the future there will be attempts at partial or complete brain transplants. A discussion of the ethical issues of using human brain tissue for research and brain transplantation has been organized around nine broadly defined topic areas. Criteria for human brain tissue transplantation and laboratory use of brain tissue are proposed.
In a previous issue of the journal, Dr Gillon's editorial provided a framework and commentary as a companion piece to an article by Dr Northoff on ethical issues of brain transplantation.' 2 These articles provided an important first step for discussion of the philosophical and ethical issues surrounding brain transplantation. In this paper we wish to add to this ongoing discussion and to describe several additional relevant areas in this discussion. These issues relate to development of the mind-brain duality, personhood, and selfidentity. The 1990s have been designated as the "Decade of the Brain" to recognize both the tremendous progress that has been made in the basic and clinical neurosciences and to call attention to the work yet to be done.3 Late into this decade important advances have revealed insights into the molecular basis of several neurological disorders, for example, the diagnosis of Huntington's Chorea and Fragile X Syndrome. Impressive advances have accompanied these basic science efforts in the understanding of functioning of the central nervous system. Functional imaging studies have substantially enhanced the scientific understanding of brain organization. However, relatively little parallel progress has been made in understanding the unique construct of brain activity which we call "the mind". This term, "the mind", is the conceptual vehicle used to communicate many of the brain activities which have yet defied either anatomical or functional localization. In some people with substantial amounts of missing brain tissue all of these activities occur. Other people with apparently normal brains demonstrate very few of these activities. Although the role of individual parts of the brain remains poorly understood neuroscience seems posed to make remarkable progress in the near future. A recent development in clinical neuroscience has been the isolation and laboratory growth of brain tissue cell lines in laboratories around the world.4 These efforts at the cellular level and the whole brain or total body transplants in animals completed more than three decades ago by White and colleagues seem certain to be the focus of increasing emphasis from neuroscientists in the future. These strategies offer attractive methodologies for researchers and clinicians who seek to ameliorate the sequelae of human central nervous system disease and dysfunction."8 In contrast to the success in animals of head transplants, the current science base suggests that mature cerebral tissue in large blocks cannot be homotransplanted into mature brains. 7 If the brain-mind unit is present in-laboratory brain tissues should these laboratory specimens be used to study mental activities? Could one of these tissue samples experience fear, anxiety or other psychological constructs used to describe emotions? If so, would use of these samples be an appropriate methodology to study the neurological basis of pain or the psychological basis of major depression or anxiety? Are there ethical limits to what could be done with or to these cell masses? 8) Can a person give consent for his or her brain tissue to be grown or maintained in a laboratory setting if the tissue had or develops the independent capacity to respond at some level? In some persons with severe epilepsy removal of one hemisphere of the brain above the brain stem is the treatment of choice.'3 Surely, even the most ardent scientist, philosopher, or ethicist must reflect with wonder on the circumstance of a two-hemisphere brain-mind duality deliberating the destruction of one-half of itself as a treatment for disease. Is there a difference in the consent for a procedure from the verbal half of the brain? How would the nonverbal portion of the brain assent to or dissent from a given procedure? Post-operative consent by the left hemisphere to experiments carried out, in vitro, on the right hemisphere, appears to be a case of one conscious subject deciding for another, whereas preoperative consent appears to be a case of a conscious subject deciding for part of itself. Should these issues be a consideration for institutional review boards? Organization of a discussion of this issue would need to address several questions: * What rules of consent would be used if the damaged half of a brain after surgery was to be kept alive and studied? * Does one half of a brain-mind have a capacity, or the right, to give consent for studies on the other half after it has been removed from the head? Could the diseased half dissent? If so how? * What if one proposes to study emotions generated by stimulation of the diseased half after removal from the body? Is there a limit to the degree of depression or anxiety that could be studied? Would it be acceptable to produce severe pain sensations for study? * Do these same arguments apply to a few cells in a laboratory dish?
Imagine this discussion with Gillon's theoretical person, Susan. Susan presents for a hemispherectomy for some cause, perhaps uncontrollable epilepsy." After extensive brain mapping using deep electrode studies, Susan is presented with the interesting option of having her epilepsy substantially improved by a hemispherectomy and also greatly advancing science by consenting for the excised half of her brain to be used for laboratory-based studies. Susan recalls her vivid memories of the deep electrode stimulation of the diseased hemisphere to determine what effect a hemisphectomy would have. She recalls her perception of searing pain with the electrical stimulation of one area, the frightening anxiety provoked by stimulation of a second area, and the profound depression she experienced from stimulation of a third area. These responses are exactly the responses the researchers plan to study in the excised brain tissue. What would be an appropriate response to the following two questions posed by Susan: "Since that part of my brain will be gone these experiments will not cause me to feel pain, will they? "Will I be aware of these experiments?" Is a person/mind divisible into two fragments that retain the (same or different) person or mind qualities? The scenario of one person/mind fragment consenting to procedures on the other is a difficult dilemma. Currently the person/mind fragment, comprised of brain only if it in fact exists, would be given the same status by an institutional review board as a skin biopsy, a lobe from a lung or a blood sample. Clearly, the person/mind fragment in the body retains the original person and mind qualities. What is the status of the former brain tissue? Does it retain some person/ mind qualities? Does it represent a different person and mind? 9) Should a human subjects institutional review board review these activities and how could such a board determine when a person is being studied rather than a collection of neurons? Society and medicine have reached a useful and workable definition of death. The concept of life requires further discussion. The concept of personhood will also require additional thought, discussion and definition if society and the neuroscience community are to develop a general level of agreement about this issue. How is society to come to grips with these issues discussed above? First, should limits be placed on scientists' efforts to develop or maintain living human brain tissue (partial or whole brains)? In what way does the removal of a live functioning brain from a person whose body is destroyed in a road accident (where the sole purpose is the maintenance of the brain for laboratory tests because of the amazing array of responses in this organ) differ from selecting a liver or kidney equally prized for their ability to exhibit biochemical, electrical or structural changes in response to environmental alterations? In the case of liver or kidney, either entire organs or small cell populations, a liver or kidney is all these cells will be. This is not the case with brain tissue. If society forbids, or on the other hand encourages, these activities in the name of science the arguments will encompass both the ethical and scientific domains. Any such discussions will need to be wide ranging. They will need to include consideration of the possibility of greater goodfor both society and individuals -from continuing with the study of brain tissue, and also of the application of restrictions on these efforts in the name of individual human dignity.
Recommendations
We offer the following criteria for consideration by ethicists, neuroscientists and human subjects institutional review boards. These recommendations are based on three neurophilosophical considerations: 1 
